Abstract Human umbilical cord mesenchymal stem cells (hUMSCs) have been shown to have multiple differentiation potentials. However, a key problem is that only a small number of hUMSCs can migrate to damaged tissue after transplantation. According to ''The Theory of Kidney Essence'' in Traditional Chinese Medicine, some traditional Chinese medicines used for tonifying the kidneys can be applied in promoting the differentiation and migration of stem cells in vivo. Our previous study demonstrated that icariin (ICA) could up-regulate the pluripotent genes of hUMSCs in vitro and induce cell migration in mice in an acute kidney injury model in vivo. The aim of this study was to investigate the effects of ICAinduced hUMSCs in chronic liver injury (CLI) caused by carbon tetrachloride (CCl 4 ). CLI was induced by intraperitoneal injection of CCl 4 . ICA-treated hUMSCs were transplanted via intra-venous injection. The animals were followed for survival, biochemistry analysis and pathology. The results show that ICAtreated hUMSCs accelerate the recovery of liver function in mice with CLI. In addition, ICA-treated hUMSCs increase the anti-oxidant activities in liver and prevent the progression to hepatic fibrosis. Moreover, ICA induces the migration of hUMSCs to the injured liver tissue. In conclusion, these data demonstrate that ICA-treated hUMSCs exhibit recovery and protective properties in the mice model of CCl 4 -induced CLI.
Introduction
Liver injury can be induced either by immune mediated biological factors (e.g., hepatitis virus, bacteria, parasite, etc.), chemical factors (e.g., medicine, industrial poisons, alcohol, etc.) or environmental factors (Holt and Ju 2006) . These factors can cause apoptosis and necrosis of hepatic cells (Wang 2014) . Chronic hepatic cell necrosis leads to hepatic fibrosis, liver cirrhosis, and even hepatocellular carcinoma. Therefore, the prevention of liver injury is a critical step in protecting the liver against incidence of cirrhosis and liver function failure.
With the development of stem-cell-based replacement therapies, mesenchymal stem cells (MSCs) are now one of the promising options in the treatment of liver disease. MSCs, derived from mesoderm and neural crest, are adult progenitor cells with a multidirectional differentiation potential (Slukvin and Vodyanik 2011; Vodyanik et al. 2010; Takashima et al. 2007) . Studies have demonstrated that MSCs can differentiate into hepatocytes because of their mesenchymal differentiation capabilities (Hong et al. 2005; Lee et al. 2004; Snykers et al. 2009 ). Moreover, MSCs have immunosuppressive properties (Bartholomew et al. 2002; Di Nicola et al. 2002; Glennie et al. 2005; Krampera et al. 2003; Le Blanc and Ringden 2005) . Currently, bone marrow is the most common source of MSCs. The adverse reaction that necessitates several weeks of recovery is one of the disadvantages in the collection of bone marrow MSCs. Human umbilical cord can be a vastly available source of mesenchymal stem cells since it is readily derived from medical waste (Taghizadeh et al. 2011) . Human umbilical cord mesenchymal stem cells (hUMSCs) are stroma cells isolated from Wharton's Jelly in the human umbilical cord. It has been demonstrated that hUMSCs have a multiple differentiation potential. hUMSCs can differentiate into various types of cells such as osteoblasts, adipocytes, chondrocytes, islet cells, neurocytes, myocardial cells, hepatocytes, germ cells and so on Wang et al. (2004) . In addition, hUMSCs do not express major histocompatibility complex class II antigens and do not activate T-cells in mixed cell cultures (Tse et al. 2003) . Moreover, hUMSCs have significant immune modulatory effects such as inhibiting mixed lymphocyte reaction and T cell proliferation after mitogenic stimulation (Le Blanc et al. 2003) . Considering the advantages of hUMSCs (e.g., multiple differentiation potential, low rejection reaction, no ethical controversies, vastly available source) given above, hUMSCs seem to be a good source in stem-cell-based replacement therapies. However, a key problem is that only a small number of hUMSCs can migrate to damaged tissue after transplantation. Therefore, accelerating the migration of hUMSCs can improve the efficacy of transplantation.
According to ''The Theory of Kidney Essence'' in Traditional Chinese Medicine, some traditional Chinese medicines which have the properties of tonifying the kidney and strengthening yang can increase the proliferation and differentiation of stem cells (Zhang et al. 2004) . Studies have shown that serum containing Carapax et Plastrum Testudinis astragalin can promote the proliferation and differentiation of mesenchymal stem cells in vitro (Zeng et al. 2007; Zhou et al. 2005) . Zuo-Gui-Wan, one of the most popular prescriptions for kidney tonifying can up-regulate the pluripotent gene (Oct-4) expression in embryonal stem cells and, therefore, inhibit the apoptosis and promote the proliferation of stem cells. You-Gui-Wan can increase cell proliferation gene (Notch) and inhibit the P16 gene expression in stem cells An et al. 2007) .
Icariin (ICA) , with a molecular weight of 676.65, is extracted from Epimedii, its formula is C 33 H 40 O 15 . Our previous study demonstrated that ICA, at a concentration of 100 lmol/L, could up-regulate the pluripotent Oct-4 gene expression of hUMSCs after being treated for 1 week in vitro and ICA-treated hUMSCs exert significant cell migration to kidney tissue in mice in an acute kidney injury model in vivo (Chu and Wang 2016) . It has also been demonstrated that ICA can enhance the proliferation of rat bone mesenchymal stem cells via stimulating the ERK and p38MAPK signaling pathway (Qin et al. 2015) . In addition, research has shown that activating the PI3 K/Akt signaling pathway is one of the mechanisms for ICA to enhance the osteogenic differentiation of rat bone stromal cells (Zhai et al. 2014) . Moreover, icariin could delay the cirrhotic effect of hepatocytes induced by CCL 4 in vitro (Qian et al. 2011) . The aim of this study is to investigate the protective effects of icariin (ICA) induced hUMSCs on chronic liver injury in mice and to evaluate the possible mechanism of anti-hepatic injury. Normal hUMSCs were used as the positive control. Liver function in serum and pathological staining in liver were measured to evaluate the hepatic protective effect of ICA-treated hUMSCs. Moreover, anti-oxidant activities and gene expression related to fibrosis in liver were assessed in an effort to elucidate the possible mechanisms by which ICA-treated hUMSCs exert their protective hepatic activities. In addition, the cells were fluorescencelabeled in order to observe the difference in migration of ICA-treated hUMSCs to the liver in comparison to normal hUMSCs.
Terminaldeoxynucleoitidyl transferase mediated nick end labeling (TUNEL) was used to study cell apoptosis in liver tissue in each group. 
Material and method

Animals and reagents
Method
Cell culture
Human umbilical cord was obtained from a healthy donor (upon obtaining informed patient consent). It was immediately transferred to the laboratory. Under class III laminar-flow hood the cord was exposed to Wharton's Jelly tissue and cut into 1 mm 3 fragments. They were then immersed in 15 mL DMEM/F12 supplemented with 1% penicillin/streptomycin, 1% L-glutamine and 10% FBS in T75 tissue culture flasks. The tissue culture flasks were placed in an incubator with saturated humidity at 37°C containing 5% CO 2 . Fibroblast-like cells started to migrate out of the tissue pieces after 7 days. They proliferated and were subcultured up to passage 4 (P4) in which homogenous cell populations were obtained.
Induction
hUMSCs were sub-cultured in 15 mL DMEM/F12 supplemented with 1% penicillin/streptomycin, 1% L-glutamine and 10% FBS in T75 tissue culture flasks. One week before hUMSCs were administered, the expansion medium was changed to ICA containing medium (supplemented with 100 lmol/L ICA, 10% FBS, 1% PS and 1% LG) and cultured for 1 week with the medium being changed every 3 days. As a control, normal hUMSCs were cultured in DMEM/F12 supplemented with 1% penicillin/streptomycin, 1% L-glutamine and 10% that was changed every 3 days.
Cell labeling
Before the hUMSCs were administered, they were labelled with the cross-linkable membrane dye, DiR. 2 9 10 6 . Cells were incubated in 1 mL of the DiR cell-labeling solution at 37°C for 30 min. The unbound dye was removed by washing with PBS, and the labeled cells were re-suspended in 0.9% saline solution.
Animals and treatments
Mice were housed at room temperature (23 ± 1°C) with a 12 h light and 12 h dark cycle (lights on from 6:00 am to 6:00 pm). Food and water were available ad libitum. The experiments were carried out according to the institutional regulations and national criteria for animal experimentation. The Institution Animal Ethics Committee reviewed the entire animal protocol prior to conducting the experiments. Mice were randomly assigned to the following four groups: Group A: Control group (n = 10); Group B: CCl 4 model group (n = 10); Group C: normal hUMSCs group (n = 6); Group D: ICA-treated hUMSCs group (n = 6).
After a three-day acclimatization period, chronic liver injury was induced as described previously (Yoshiji and Sahashi 2002) . In brief, Groups B, C and D received an intraperitoneal injection of 20% CCl 4 solution diluted in olive oil (2 mL/kg body weight), twice weekly for 4 weeks. Group A received intraperitoneal injection of olive oil only (2 mL/kg body weight). After 4 weeks CCl 4 was withdrawn. Thereafter, in Groups A and B normal saline was injected into the tail vein; in Group C hUMSCs (2 9 10 6 ) were diluted in normal saline and injected into the tail vein. In Group D ICA-treated hUMSCs (2 9 10 6 ) were diluted in normal saline injected into the tail vein.
On the 14th day after administration of the cells the mice were anesthetized with ether and blood was obtained from the retrobulbar plexus for serum biochemistry analysis. Blood samples were centrifuged at 3000 rpm for 15 min and serum was collected and kept at -80°C for analysis as described below.
The animals were then decapitated and their livers removed. The livers were dissected into two equal parts. For each liver, one half was fixed in 10% formalin for histological analysis; the others were stored at -80°C for the biochemistry analysis below.
Serum and tissue analysis
Serum ALT, AST, ALB, TP and liver SOD, MDA, GSH were measured on a Plate Reader using experimental reagent kits.
RNA isolation and real-time reverse transcription quantitative polymerase chain reaction (RT-PCR)
Total RNA was isolated from mice liver tissues using the RNA extraction kit and first strand cDNA was synthesized from 1ug of total RNA according to the manufacturer's instructions. Quantitative RT-PCR (qRT-PCR) was used to detect the expression of bactin, TGF-a, TGF-b1, COL-I and COL-III. All samples were run in triplicate and detected by BIORAd iQ5 (Biorad, Hercules, CA, USA). b-actin was used as a loading control. The sequences of all primers are listed in Table 1 .
Histological analysis
Liver tissue sections were dissected and fixed in 10% formalin, then embedded in paraffin, sectioned to 5 lm thickness, stained with hematoxylin and eosin (H&E). The extent of CC1 4 -induced liver injury was evaluated by assessing morphological changes in liver sections.
Frozen section and TUNEL staining
The liver tissue sections were dissected, frozen and sectioned to 5 lm thickness. The distribution of hUMSCs was observed under a fluorescence microscope. TUNEL experiment was conducted using experimental reagent kit and the section observed under a fluorescence microscope.
Statistics
Quantitative data were expressed as Mean ± SD and compared using ANOVA K independent samples test when the variances were heterogeneous. Results were considered to be statistically significant when P \ 0.05.
Results
Isolation and characterization of hUMSCs
One week after the primary work, adherent cells with fibroblastic morphology could be observed (Fig. 1a) . At approximately 3 weeks, cells reached 80% confluence and passage could be undertaken (Fig. 1b) .
Liver function tested in serum after transplantation Hepatic protective activities of ICA-treated hUMSCs were assessed by hepatic histology and by measuring Table 2 ). On the 14 days after administration of cells, the increase in ALT and AST activity remained significantly higher in Group B than in Group A (P \ 0.01). Serum AST and ALT activity was significantly lower in group D than in Group B (P \ 0.05; Mice treated with olive oil: Mice received the injection of olive oil (2 mL/kg body weight), twice weekly for a four-week period (n = 5); Mice treated with CCl 4 : Mice received the injection of 20% CCl 4 solution diluted in olive oil (2 mL/kg body weight), twice weekly for a four-week period (n = 40) ## P \ 0.01 compared with mice treated with olive oil Table 3 Liver function tests in serum after hUMSCs transplantation Anti-oxidant activities tested in liver after transplantation
Oxidative damage appeared in all stages of chronic liver injury. Anti-oxidant activities of ICA-treated hUMSCs were accessed through investigating the levels of superoxide dismutase (SOD), malondialdehyde (MDA) and glutathione (GSH) in liver. Activity of SOD and level of GSH were significantly lower in Group B compared to Group A (P \ 0.05; Fig. 2a, c) . Group D demonstrated an increase in SOD activity and GSH level compared to Group B, the difference was statistically significant (P \ 0.05; P \ 0.01, respectively, Fig. 2a, c) . MDA level was increased in Group B compared with Group A (P \ 0.01; Fig. 2b ). MDA levels were decreased in Group D compared to Group B (P\0.05; Fig. 2b ). In conclusion, ICA treated hUMSCs showed an increase in antioxidant activity in mice with chronic liver injury.
Gene expression related to hepatic injury after administration of cells Long periods of chronic liver injury could progress to liver fibrosis and liver cirrhosis. COL-I, COL-III and TGF-b1 genes contribute to the progression of liver fibrosis and TGF-a gene is related to promoting the regeneration of hepatic cells. The gene expression of COL-1, COL-III, TGF-b1 and TGF-a were investigated to study the mechanism of ICAtreated hUMSCs exert on the anti-hepatic injury effect. COL-I, COL-III and TGF-b1 and mRNA expressions were increased in Group B compared to Group A (P \ 0.01; Fig. 3a, b, d ). COL-I and COL-III expressions were down-regulated in Group D compared to Group B (P \ 0.01; P \ 0.05, respectively, Fig. 3a, b) . TGF-b1 mRNA expression was increased in Groups C and D compared to Group B (P \ 0.01; Fig. 3d ). Group B demonstrated upregulation of TGF-a mRNA expression compared to Group A (P \ 0.05; Fig. 3c ), the TGF-a mRNA expression was increased in Group D compared to Group B (P \ 0.01; Fig. 3c ). The results show that ICA-treated hUMSCs transplantation could improve hepatic injury through down-regulating the COL-I, COL-III and TGF-b1gene expression as well as upregulating the TGF-a gene expression in liver.
Histological findings
CCl 4 treatment induced a significant amount of liver injury and extensive changes in liver morphology, including the infiltration of inflammatory cells and obvious cellular swelling of the liver, as observed with H&E staining. Liver injury was attenuated in Groups C and D after 4 weeks. Most importantly, pathological changes in Group D were less than those in Group C, reflected as less cellular swelling and infiltration of inflammatory cells as well as orderly arrangement of hepatic cord cells, suggesting that the inflammation, mitochondrial damage and liver parenchyma injury were improved after the hUMSCs administration, especially after the ICA-treated hUMSCs transplantation (Fig. 4) .
Cells migration and the apoptosis of cells in the liver
Our previous study demonstrated that ICA induced hUMSC migration to the kidney in acute renal injury.
To verify the previous discovery, the hUMSCs labeled with DIR were observed in liver tissue through fluorescence microscope. In addition, the cell apoptosis in the liver was directly observed via TUNEL staining. The DIR-labelled hUMSCs were detected in liver sections in Groups C and D. More DiR-labelled hUMSCs were observed in Group D compared with Group C under the fluorescence microscope (Fig. 5a,  b) . TUNEL experiment demonstrated that there were more cells undergoing apoptosis in Group B than in Group C and D and the apoptosis of cells in Group D were less than in Group C. No apoptosis was observed in Group A (Fig. 6a-d ). In agreement with the previous results, the current results show that ICA could induce hUMSCs migration to the damaged tissue. Moreover, ICA-treated hUMSCs transplantation attenuated the hepatic cell apoptosis in the chronic liver injury model.
Discussion
CCl 4 -induced liver injury, which shows many similarities with human liver injury, is a common model for studying the mechanisms of liver injury and the therapeutic effects of drugs (Fort et al. 1998; Tamayo 2007) . In this study, CCl 4 -induced chronic liver injury was established to examine the effects of ICA-treated hUMSCs administration in the chronic liver injury model. AST, ALT, ALB and TP, which are conventional indicators of chronic liver injury, were measured to investigate the hepatic protective effect of ICA-treated hUMSCs. This study revealed changes in the levels of AST and ALT in the CCl 4 model group at the end of the fourth week, indicating considerable hepatocellular injury. After ICA-treated hUMSCs were administered (2 9 10 6 ) for 14 days, increasing levels of ALT and AST in serum were observed.
Moreover, ICA-treated hUMSCs activity in chronic liver injury may relate to an increase in the SOD activity and GSH level as well as decrease of the MDA level in the liver. It has been demonstrated that oxidative damage is closely related to the CCl 4 -induced liver injury model. In the liver, CCl 4 inhibited metabolism and activated hepatic cytochrome P450s to produce trichloromethyl radicals CCl 3 and OOCCl 3 . These free radicals contribute to lipid peroxidation that disrupts calcium homeostasis, gradually leading to the necrosis of hepatocytes and cell membrane injury surrounding the central vein. Finally, the necrosis of hepatocytes and hypo-immunity result in liver injury (Morrison et al. 1965; Xu and Qu 2008; Bockhold et al. 2005; Fausto 2006 (Wang et al. 2011; Sun et al. 2008) . MDA is the end product in the lipid peroxidation, so measuring the concentration of MDA in the liver can indicate the extent of damage of hepatic cells indirectly (Li et al. 2006) .
In addition, regulating the transforming growth factors and hepatic injury cytokines may be one of the genetic mechanisms of ICA treated hUMSCs in preventing chronic liver injury. TGF-a can accelerate the synthesis of DNA in cells, therefore promoting the regeneration and restoration of hepatic cells (Waseem and Lane 1990; Chen et al. 2003) . It was demonstrated in this study that ICA-treated hUMSCs can upregulate the gene expression of TGF-a in the liver. injection and subsequent hUMSCs and ICA-treated hUMSCs administration. Group A Control group (n = 6); Group B CCl 4 model group (n = 10); Group C hUMSCs administration group (n = 6); Group D ICA-treated hUMSCs administration group (n = 6). ## P \ 0.01 compared with the control group, *P \ 0.05 compared with the CCl 4 model group, **P \ 0.01 compared with the CCl 4 model group. Groups B, C and D were treated with CCl 4 to set up the chronic liver injury model, Group C was transplanted hUMSCs and Group D was transplanted ICA treated hUMSCs injury and hepatic fibrosis. TGF-b1, one of the isoforms in the TGF-b family, can stimulate the HSCs producing extracellular matrix such as COL-I and COL-III which can promote the necrosis of hepatic cells (Kong et al. 2006; Bissell et al. 2001) . This study has shown that ICA-treated hUMSCs can downregulate the TGF-b1, COL-I COL-III gene expressions in the liver and prevent chronic liver injury.
To evaluate the potential mechanisms by which ICA-treated hUMSCs ameliorated chronic liver injury, we first determined whether the cells survived and migrated from the peripheral circulation and entered the liver of mice in which they were administered. The cells were labeled with the cross-linkable membrane dye in order to observe the difference in migration between the normal hUMSCs administration group and ICA-treated hUMSCs administration group. Terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL), which is a method for detecting DNA fragmentation by labeling the terminal end of nucleic acids, was used to investigate the difference in cell apoptosis between the normal hUMSCs administration group and ICA-treated hUMSCs administration group. A clear positive observation in this study was that the fluorescent signal in the ICA-treated hUMSCs administration group was stronger compared to the normal hUMSCs administration group in the liver, indicating that ICA induction can promote the migration of hUMSCs to the liver. TUNEL experiment also demonstrated that cell apoptosis was less in the ICA-treated hUMSCs group compared to the normal hUMSCs group and the CCL 4 model group.
In conclusion, ICA-treated hUMSCs administration possesses potent abilities to alleviate chronic liver injury, suggesting that ICA-treated hUMSCs exert this b Fig. 3 
